Ochratoxicosis was induced in young female swine by a diet contaminated with a rice culture of Aspergillus ostiantrs that contained ochratoxin A and by daily oral doses of 2.0 or I .O mg/kg body weight pure ochratoxin A. Mycotoxicosis was characterized early by depression and reduction in feed intake and loss of body weight, followed by diarrhea, polyuria, polydipsia and dehydration. The pigs given pure ochratoxin A were dead or moribund in 5 to 6 days. Packed cell volume, hemoglobin, total plasma protein, and blood urea nitrogen were increased. Progressive leukocytosis, neutrophilia and moderate left shift in the differential count occurred. Concentrations of lactic dehydrogenase, isocitric dehydrogenase and glutamic-oxalacetic transaminase in the serum and urine were increased by the fourth to sixth day, but only the increase in urinary concentrations was significant. Gross findings included dehydration, enteritis, pale tan discoloration of the liver, and edema and hyperemia of the mesenteric and other lymph nodes. Microscopic lesions were most frequent and severe in the kidney and gastrointestinal tract. Necrosis of renal tubular epithelium was most frequent in the convoluted tubules. Many renal tubules were dilated. The intestinal lesions were focal and necrotizing and occurred in most anatomic regions. Fatty change was demonstrated in most of the livers. In lymphoid tissues the changes were edema, hyperemia and focal necrosis of lymphocytes within germinal centers and around follicles.
pletely defined, there is evidence that a ration containing aflatoxin B, was responsible for an enterocolitis and abortion syndrome in swine [3] .
A renal syndrome of swine designated as 'mold nephrosis' has been known in Denmark for many years and recently was associated with a toxigenic isolate of P. viridicatum. This fungus was found to elaborate oxalic acid and the mycotoxin, citrinin; the latter was considered significant in the development of the renal disease in swine [22] .
Considerable interest has developed in another group of mycotoxins, the ochratoxins, as possible causes of animal disease. The most toxic of the group, ochratoxin A, is a potent nephrotoxin elaborated by A . ochraceus [19, 391, P. viridicatum [40] , and other species of Aspergillus [19, 231 and Penicillium [l 13 . Fungi that produce ochratoxin are common contaminants of stored grains, and the natural occurrence of ochratoxin A in corn and wheat has been reported [32, 331 . KROGH [21] in Denmark found ochratoxin A and citrinin in cereals that caused nephropathy in herds of swine. Ochratoxin A was detected in samples of the liver, kidneys and adipose tissue and in bacon prepared from swine that had eaten rations contaminated with ochratoxin A [18] . Ochratoxicosis has been described in ducklings [29, 381, rats [26, 28, 30, 38] , chickens [8, 10, 14, 271 , trout [13] , and dogs [36, 371. Reports of ochratoxicosis in swine are presently not available, although ochratoxin A was implicated along with citrinin in field outbreaks of mycotoxic disease of swine in Denmark [21] . The characterization of porcine ochratoxicosis is important because swine diets may be contaminated with the mycotoxin and also to differentiate the several mycotoxic diseases in swine and thus allow a presumptive diagnosis based on clinical features and gross and microscopic changes. This report presents the clinical, clinicopathologic and gross and histopathologic features of experimentally induced ochratoxicosis in weanling 'specific-pathogen-free' female pigs.
Materials and Methods
Sixteen female specific-pathogen-free pigs were purchased when 3 to 4 weeks of age and administered ochratoxin A, and five young female specific-pathogen-free pigs served as controls. The pigs were housed in pens or individually in metabolism cages in a building with environmental controls. Fresh drinking water and a commercial swine ration were available adlibiturn. Observations as to general health were made four times daily. Rectal temperatures and body weights were recorded daily in the morning. Three trials were completed; in Trial I, a rice culture containing ochratoxin A was fed, and pure ochratoxin A was administered daily, by mouth, (table I) in Trials I1 and I l l (table I). 
0.6% of the diet was rice culture for first 13 days. K = Killed. D = Found dead.
A fungal rice culture of A. ostianus was prepared as previously described by CARLTON and TUITE [7] . I t contained 1,600 ppm ochratoxin A by spectrophotofluorometric analysis [9] . The culture was fed at concentrations of 0.6 and 1.8% of the diet (weight/weight) in Trial I. Crystalline purified ochratoxin A was purchased from a commercial source' and triturated with lactose, Gelatin capsules were prepared for daily administration on a body-weight basis.
The eight pigs in Trial 111 were bled from the anterior vena cava twice during the 8-day acclimation period and every second day from the initiation of dosing to termination on days 5 or 6 . Urine from the test pigs and urine and blood from control pigs were collected at similar intervals. Blood for hematologic determinations was collected into tubes containing heparin, and serum for chemical determinations was harvested from other clotted samples. Hemoglobin concentrations were determined by a cyanmethemoglobin method that uses a photoelectric reading system.2
Makor Chemicals Ltd., Jerusalem, Israel. Coulter Hemoglobinometer, Coulter Electronics, Inc., Hialeah, Fla. SZCZECH/CARLTON/TUlTE/cALD WELL Total leukocyte (WBC) counts were done with an electronic counter3, and packed cell volume (PCV) was determined by a standard microhematocrit method. A differential WBC count was done on Wright-stained smears of all blood samples. Total plasma protein concentrations were estimated %ith a refractometer [2] . Blood urea nitrogen (BUN) concentrations were chemically deter~nined.~ Concentrations of alkaline phosphatase were determined in serum and urine according to the method of BABSON et al. [I] . A kinetic ultraviolet method based on commercially available enzyme test systems5 was used to determine concentrations of the following enzymes in serum and dialyzed urine: leucine amino peptidase (LAP), glutamic-oxalacetic transaminase (GOT), glutamic-pyruvic transaminase (GPT), lactic dehydrogenase (LDH) and isocitric dehydrogenase (ICDH). Mean values and standard deviations for enzyme concentrations were calculated, and significance was tested with a modification of Student's 't' test that allowed for unequal variances.
In Trial 111, urine was tested daily6 for protein, glucose, urobilinogen, blood, bile and ketone bodies. Specific gravity was determined with a refractometer, and the urinary sediment after centrifugation was lightly stained' for microscopic examination. Unstained sediment was examined with dark-field illumination and by phase contrast microscopy [4, 20, 311. All pigs were necropsied. Five of the sixteen were found dead; eleven were killed when moribund and were necropsied immediately. Inoculum prepared from the spleen and spiral colon of four pigs in Trial 111 was placed on blood agar and McConkey agar, incubated at 37.5 "C, and examined after 24 and 48 h for bacterial growth. A fluorescent antibody technique was used on sections of tonsil, spleen, and mesenteric lymph nodes to detect the presence of hog cholera virus. Contents of the spiral colon were examined by dark-field microscopy for spirochetes associated with swine dysentery.
Representative sections of most organs from treated and control pigs were fixed in chilled neutral buffered 10% formalin. Fixed tissues were processed for paraffin embedment, sectioned at 6 pm, and stained with hematoxylin and eosin. Selected sections from the kidney were also stained with a trichrome method [24] , and sections of liver were processed in potassium dichromate and stained with Sudan IV for neutral lipids [25] .
Results

Clinical and Clinicopathologic Findings
In Trial I, the four pigs that ate 0.2 to 0.6 mg/kg body weight of ochratoxin A daily had reduced their feed consumption by day 4, and the reduced intake continued for the duration of the trial. Depression, polydipsia, and polyuria were prominent during the last week of the 16-to 22-day feeding period. Two of the four pigs of Trial I were found dead (days 16 t o 21), and the other two were moribund on days 18 and 22, respectively. In Trial IT, the two pigs that were given 2.0 mg/kg body weight pure ochratoxin A daily were severely depressed within hours after the first dose. By day 2 severe diarrhea had developed, and the rectal temperatures were 104.0 OF. Dehydration developed rapidly after polydipsia and polyuria, and the pigs were moribund by day 3 after they received three doses of ochratoxin A.
Clinical signs of toxicity developed over a period of several days in the 10 pigs (two in Trial IT and eight in Trial 111) that were given ochratoxin A, 1 .O mg/kg body weight, daily. Emesis occurred regularly within 15 min of dosing in three pigs. The vomitus, consisting of bits of the gelatin capsule and a small quantity of mucus, was recovered and readministered. Depression, reduction of feed consumption, and loss of body weight were the earliest clinical signs, and by day 2 the pigs tended t o lie quietly in the cage. Anorexia was complete by day 3. Fever was detected in only one pig. The rectal temperature was 104.1 O F on day 4, and 103.6 O F on day 5. Diarrhea was present in most of the pigs by day 4 ; watery, brown fecal material was passed with increasing frequency, but tenesmus was not marked. Weight loss (table 11) among the eight pigs of Trial TI1 averaged 1.0 kg. Polydipsia and polyuria were recognized by frequent consumption of water and frequent urination and were evident by day 2 or 3 in most test pigs. Dehydration was clinically apparent by day 4. The pigs were found either dead or moribund by days 5 to 6.
The early clinicopathologic clianges in the urine of test swine were increased concentrations of protein and the presence of granular casts and necrotic renal tubular epithelial cells in the sediment. By days 2 to 4, the urine was watery with a specific gravity in some pigs as low as 1.003, although in most pigs it was between 1.010 and 1.020. The specific gravity of the urine of control pigs ranged from 1.020 to 1.045. By days 5 to 6, tlie concentration of glucose in the urine of test pigs was increased. The sediment contained niasses of granular and hyalin casts ( fig. I ) and necrotic tubular epithelial cells as well as amorphous proteinaceous debris.
In Trial 111, concentrations of GOT, L D H and ICDH were increased significantly in tlie urine during the toxicosis (table Ill) , and mean concentrations of GOT and L D H in urine were several times those of control and pretrial values. The elevations in the concentrations of these enzymes were statistically significant by day 4. The concentration of ICDH in urine was not increased until day 6 in some test pigs, and in other pigs no increase over control and pretrial values occurred. The mean concentration of ICDH in urine, however, was significantly higher than control values by day 6. Mean concentrations of GOT in serum from test pigs increased from pretrial values of 10-15 mU/ml to 22 mU/ml by day 4, and the elevation to 29 mU/ml by day 6 was statistically significant (table 111) . Concentrations of L D H and TCDH in serum were increased only on day 6. Concentrations of alkaline phospliatase, LAP and GPT in serum and urine were not statistically significantly different from control values.
The concentrations of BUN of the pigs of Trial I I I increased progressively from the pretrial and control range of 12-25 mg/100 ml t o a mean value for treated pigs of 99 mg/100 mI by day 6. Values for PCV, total plasma protein, and hemoglobin were also increased (table 11). Hematologic clianges included progressive leukocytosis, neutrophilia, a relative lymphopenia, and a slight left shift (table 1V) .
No bacterial growth was present after 24 or 48 h of incubation of blood Fig. 1 . Dark-field illumination of a tirinary cast from the urinary sediment of a female pig given daily doses of ochratoxin A, 1.0 mg/kg body weight (Trial 111). The cast contains necrotic renal tubular epithelial cells. agar and McConkey agar plates inoculated with materials from the spiral colon and the spleen of four pigs of Trial 111. Hog cholera viral antigen was not detected in fluorescent antibody preparations of spleen, mesenteric lymph nodes and tonsils obtained from four pigs (Trial 111). By dark-field examination, the contents of the spiral colon of eight pigs (Trial 111) were negative for the spirochetes commonly associated with swine dysentery.
Necropsy
The carcasses of all test pigs were dehydrated and the perineal areas were stained with brownish fluid fecal material. Bile-stained fluid and gas distended the jejunum, ileum, spiral colon, and rectum ( fig. 2) . The wall of the intestines was very thin and atonic. Submucosal and subserosal ecchymotic hemorrhages occurred in the spiral colon of one pig (Trial 111). A loose fibrinonecrotic membrane focally covered the mucosal surface of the spiral colon of three pigs in Trial 111. There were poorly delineated 5-to 8-mm red areas in the gastric mucosa of two pigs in Trial 111. The livers of most test pigs, but especially those in Trial I, differed from the livers of control pigs in that they were pale tan t o slightly yellow. The mesenteric and most peripheral lymph nodes of test pigs were prominent, edematous, and slightly congested. The kidneys from test pigs were very pale tan whereas those of control pigs were reddish brown.
Histopathology
Changes occurred in the kidneys and gastrointestinal tract of all test pigs. The most severe ones were in the organs of the two pigs that received ochratoxin A, 2.0 mg/kg body weight (Trial 11). Changes in lymphoid tissues, liver and adrenal glands were seen in some pigs but were usually not severe. Except for those in the kidney and liver changes were minimal in the pigs given the lower doses of ochratoxin A (Trial J).
Necrosis occurred primarily in epithelial cells of the proximal convoluted tubules where its extent was moderate to severe in the pigs in Trials I1 and 111, but slight in the pigs in Trial I. Although necrosis of renal tubular epithelium was not limited to the proximal tubules, it was more severe in this part of the nephron, and frequently all cells of affected proximal tubules were necrotic. Small groups of necrotic tubules were adjacent t o tubules that were less severely damaged. The lumina of some proximal convoluted tubules contained necrotic debris and epithelial cells that had separated from the basement membrane ( fig. 3 ). Granular and hyalin casts were seen in the convoluted tubules and collecting ducts of two pigs in Trial I1 and of one pig in Trial 111. Dilatation of the convoluted tubules and collecting ducts occurred in the kidney of all test pigs ( fig. 4 ). Degenerative changes of moderate to marked cloudy swelling and hydropic change were the main changes of renal tubular epithelial cells in the pigs in Trial I, although minimal interstitial fibrosis also occurred. There were no glomerular or vascular changes in any pig.
Changes occurred in several places in the gastrointestinal tract of most test pigs. Affected organs included the stomach of six pigs, the duodenum of 10 pigs, the jejunum and ileum of 14 pigs and the cecum, colon, and rectum of the 12 pigs in Trials I1 and 111. The mucosal lesions consisted of various sized foci of necrosis and loss of surface epithelium ( fig. 5) , congestion, and diffuse necrosis of the lamina propria. Mononuclear inflammatory cells and neutrophils were present in the lamina propria, especially in association with crypt abscesses and foci of mucosal necrosis ( fig. 6 ). Goblet cell hyperplasia, submucosal edema, and dilatation of lymphatic vessels were also seen. Again, these changes were associated with the focal necrotizing lesions in the mucosa.
Slight edema and congestion were found in the mesenteric lymph nodes of all test pigs. Necrosis was not extensive in the lymphoid tissues of the pigs in Trial I, but occurred in the lymph nodes of 13 pigs, in the tonsils of nine, the intestinal submucosal lymphoid tissue of nine, the thymus of five, and in the spleen of nine pigs in Trials 11 and 111. Lymphoid depletion was prominent in the spleen of nine test pigs. Necrosis oflymphocytes in lymphoid tissue was characterized by pyknosis, karyorrhexis, and cytolysis in germinal body weight (Trial 111).
( Fig. 5-8 seep. 358,359 ) Fig. 5 . Focal necrosis of the rnucosa and piling LIP of debris in the ileum of a female pig given daily doses of ochratoxin A, 1.0 mg/kg body weight (Trial 111). centers and in perifollicular areas ( fig. 7 ), but necrosis was never extensive. Single lymphocytes or widely scattered groups of cells were necrotic, but the nonlymphoid structures appeared normal.
Hepatic alterations consisted only of fatty change in 12 of the 16 test pigs. This was characterized by slight t o moderate cytoplasmic vacuolation, mainly of hepatocytes at the periphery of lobules. The vacuoles contained sudanophilic material ( fig. 8 ). Slight to moderate congestion in the zona fasciculata, zona reticularis and medulla of the adrenal gland was present in eight pigs in Trials I1 and 111. Acute adrenalitis was characterized by accumulations of neutrophils in all zones of the cortex. The femoral bone marrow was active in all test pigs as evidenced by the large numbers of myeloblasts.
Sections considered norinal were of the eye, skin, tongue, salivary gland, esophagus, thyroid gland, brain, spinal cord, sciatic nerve, aorta, trachea, lung, heart, skeletal muscle, diaphragm, stomach, pancreas, gall bladder, ovaries, uterus, urinary bladder, and pituitary gland.
Discussion
Ochratoxin A was found to be a potent nephrotoxin in pigs, a finding that agrees with observations made in other species [13, 26, 30, 36, 371 . This study indicated that ochratoxin A had an early destructive action on the renal tubular epithelium as evidenced by elevation of B U N , by glucosuria, proteinuria and changes in specific gravity and urinary sediment and, mainly by the elevations in the concentration of urinary enzymes. In pigs, as in dogs [36] , urinary concentrations of GOT, LDH, and ICDH were increased and were useful in detection and evaluation of the nephrotoxicity. The renal origin of enzyme concentrations in urine is suggested by work reviewed earlier [36] .
The degree and progression of dehydration in test pigs was reflected in increased concentrations of plasma protein and hemoglobin, and an increased PCV. The progressive leukocytosis, neutrophilia, and the left shift in the differential cell count may have been a reflection of the necrosis in several of the tissues. Since the mechanism of ochratoxin A toxicosis is unknown, however, and since there was also an adrenalitis, the cause of the hematologic changes could not be determined.
Ochratoxin A, at the doses given also caused moderate to severe necrotizing lesions of the gastrointestinal niucosa, but they were not limited to the cecum, colon, and rectum as in dogs given ochratoxin A [37] . Necrosis of lymphoid tissues was slight and hepatic changes were limited t o fatty change mainly at the periphery of lobules. Since the study pigs were specific pathogen free and such porcine diseases as hog cholera, swine dysentery and bacterial enteritis were not found and because the control pigs were normal in all respects, the syndrome of dehydration and diarrhea was attributed to the lesions produced by ochratoxin A.
Ochratoxicosis in pigs is characterized by several features and the absence of others that are useful in distinguishing it from other mycotoxic diseases. Porcine aflatoxicosis is characterized by icterus [35] , hemorrhagic diathesis [34] , hemorrhagic enterocolitis, centrilobular hepatic necrosis, fibrosis, biliary duct proliferation, and signs of hepatic regeneration [16, 34, 351 . None of these changes occurred in the ochratoxin-treated pigs. Renal changes were slight in aflatoxicosis [35] but were the most prominent finding in the pigs in the present study. In other studies [16, 171 BUN decreased in pigs given aflatoxin B, but increased after ochratoxin A was given.
Necrosis of renal tubular epithelium, principally in the proximal convoluted tubules, tubular dilation, fibrosis, and infiltration of the interstitial tissue by inflammatory cells were features of the nephrotoxic response produced in miniature swine by oral administration of a culture of Penicilliuni vii-idicufum [7] . Such a complex of renal changes was not present in the ochratoxin-treated pigs; however, the acute course of the toxicosis could have precluded the development of fibrosis. The edema syndrome that is so prominent a part of the P. viridicatum-induced disease was not present in the ochratoxin-treated pigs, and this also characterizes the two mycotoxic diseases. Citrinin and oxalic acid are additional nephrotoxins of fungal origin that have been studied in swine [15, 221. The neplirotoxic effects of these compounds can be differentiated from ochratoxicosis. FRIIS et a/. [I 51 found that oxalate-induced renal damage was not characterized by nuclear alterations in the renal tubular epithelium, and also in our pigs no oxalate crystals were found in sections examined with polarized light.
Citrinin has been implicated as a cause of 'mold nephrosis' among Danish swine, but the possibility of synergistic toxicity between citrinin and other compounds, including ochratoxins, has not been eliminated [21] . In rats and pigs citrinin toxicosis was not characterized by diarrhea or enteritis, and changes other than renal have not been reported in any species [ 15,221. These important differences help to differentiate citrinin-induced toxicosis from ochratoxicosis in pigs since many of the renal lesions induced by citrinin [I 5,221 are similar to those induced by ochratoxin A.
